The purpose of this study was to evaluate the functional properties of Roselle seed protein isolates and its hydrolysates. Place and Duration of Study: The Roselle seeds were collected in Koutiala (Mali), in November 2018. All analysis were conducted in the Faculty of Sciences and Technics, particularly in the Laboratory of Plant and Food Biochemistry and Biotechnology from January to June 2019. Methodology: The effect of enzymatic hydrolysis on the functional properties of Roselle seed protein (RSP) was investigated. Defatted Roselle seed flour was used to extract the protein isolates. The protein was digested for 2 hours and 3 hours using pepsin followed by pancreatin. Results: The 2 hours and 3 hours Roselle seed protein hydrolysates (RSPH2, RSPH3) compare to JEAI, 41(5): 1-9, 2019; Article no.JEAI.52603 2 RSPI, exhibited a good foaming capacity of 300, 315 and 165% respectively. The water holding capacity (WHC) of the RSPI, RSPH2 and the RSPH3 were 2, 2.5 and 2.2 ml/g respectively. The oil holding capacity ranged from 5.75 to 5.32 ml/g, the emulsifying capacity of the RSPH2 was higher than that of the RSPH3 and the RSPI, 105, 97 and 82 ml/g respectively. Conclusion: The ability of pepsin and pancreatin hydrolysates to be functional is primarily due to their soluble peptide content. The samples have good functional properties. These results proposed that pepsin and pancreatin hydrolysates could be useful as whole or partial replacement of high-price materials such as egg albumen and casein.
INTRODUCTION
Hibiscus sabdariffa L. also known as Roselle, sorrel mesta belongs to the family of Malvaceae. The plant is widely distributed in the tropical regions, especially in the Middle Eastern countries [1] and it is generally considered as a medicinal plant. The calyces or petals of the flower are extensively used to prepare herbal drinks, cold and warm beverages, as well as making jams and jellies [2, 3] . The brilliant red color and unique flavor coupled with other organoleptic attributes make them valuable food products [4] .
Plant proteins are extensively recognized as an important source of affordable protein. In many African countries food from animal sources are mainly consumed by households of higher socioeconomic status and majority of the population does hardly access these food due to poverty [5] .
Protein isolates are used as additives in food products for improving functional properties, such as the foaming/emulsifying capacity, gel formation, viscosity, texture and water-binding capacity. Protein isolates obtained from defatted maize germ [6] , as well as wheat and soybean proteins [7] , have been added to a variety of products, usually as replacements for egg albumin. It is possible to enhance their use in different food and non-food applications with diversified and improved functional properties by hydrolysis.
Enzymatic hydrolysis of proteins has a great of potential for modifying functional properties of food proteins. In recent years, production of enzymatic protein hydrolysates has undergone through considerable development. Protein hydrolysates can be classified according to their degree of hydrolysis. Protein hydrolysates with variable degrees of hydrolysis are used as flavorings in soups, sauces, and meat products [6] . Protein hydrolysates most likely have better functional properties than the original proteins and are commonly used as food ingredients [6] . Protein hydrolysates are widely used as protein supplements or in special medical diets, such as hypoallergenic foods [6] .
Studies have shown that functional properties of food proteins can be improved through enzymatic hydrolysis. Mannheim and Cheryan [6] suggested that solubility of enzymatic hydrolysate of proteins from corn gluten meal was better than from the unmodified proteins. Though foam formation was shown to be improved by enzymatic hydrolysis of whey and casein proteins, foam stability of the hydrolysates was poorer than those of unmodified proteins [8] . Qi et al. [7] suggested that the emulsifying activity index of soy protein modified with pancreatin was better than that of soy protein isolate, and thus the potential use of soy protein hydrolyzed in formulation of emulsified food products. Reports showed that the lowmolecular-weight fraction of soybean glycinin protein hydrolysate had more poor emulsion capacity when compared to the unhydrolyzed glycinin.
There is currently few information available especially, on the functional properties of the Roselle seed protein. Therefore, this study is undertaken to evaluate the functional properties of Roselle seed protein and its hydrolysates obtained at different hydrolysis time for the purpose to be used in food formulation systems.
MATERIALS AND METHODS

Materials
Seeds of H. sabdariffa were obtained from Koutiala, Southern region of Republic of Mali. All enzymes used were of food grade. Pepsin and pancreatin were purchased from Sigma Chemical Co. (St. Louis, USA). All the other chemicals used in the experiments were from commercial source and of analytical grade.
Methods
Preparation of defatted Roselle seed flour
Roselle seeds were winnowed and destoned. The seeds were milled using a laboratory scale hammer miller and the resulting powder was sieved through a 60 mesh screen until fine powder was obtained. Thereafter the powder was defatted twice with n-hexane at room temperature at a ratio of 1:10 (w/v) and stirred for 7 h for each time. The oil-free flours was desolventized and stored in desiccator at room temperature for subsequent uses.
Proximate composition
The proximate analysis of Roselle seed flour (RSF) and defatted Roselle seed flour (DRSF) were determined according to [9] . The moisture content was determined by drying in oven at 105°C until a constant weight was obtained. Ash was determined by weighing the incinerated residue obtained at 550°C for 8-12 hours. Total crude protein content was determined using the Kjeldahl method. The total lipid in samples was determined by Soxhlet method. Available carbohydrate content was calculated as:
100% -[% (moisture +ash + fat + protein)]
Preparation of Roselle seed protein isolate
Roselle seed protein isolates (RSPI) were obtained from defatted flour as reported by [10, 11] , with some modifications. The defatted flour was dispersed in distilled water; the pH was adjusted to 10 with 1 M NaOH and stirred for 3 hours at room temperature. The suspension was then centrifuged at 4000 rpm for 20 min. The residues were re-extracted for the second time as described above. The supernatants were combined and protein was precipitated before centrifugation at 4000 rpm for 20 min. The protein isolate (precipitate) was washed twice with distilled water then resuspended in distilled water and the pH was adjusted with 1 M NaOH prior to freeze-drying. The dried protein (protein isolates) was stored in desiccator at room temperature for subsequent analyses. The protein content was determined using Kjeldahl method, AOAC [9] .
Preparation of protein hydrolysates
To produce hydrolysates from RSPI, enzymatic hydrolysis was performed using two enzymes (pepsin followed by pancreatin) under their optimal conditions. The RSPI samples were divided in to two groups and hydrolyzed in 500ml reactor under temperature and pH control devices. Sample 1 was hydrolyzed by pepsin (1% at PH 2) for 1 hour followed by pancreatin (2% at PH 7) for 1 hour. Sample 2 was hydrolyzed (under the same condition) by pepsin for 1 hour followed by pancreatin 2 hours. Conditions were constantly monitored and maintained throughout the process. Upon completion of the hydrolysis, the enzymes were deactivated by heating in a boiling water bath for 10 min. The reaction mixtures were then centrifuged at 7000xg and the supernatants were collected. The protein hydrolysates obtained were freeze-dried and stored at -20ºC for subsequent analysis.
Amino acids analysis
The dried samples (100 mg) were subjected to acid hydrolysis using 5 ml of 6 M HCl under nitrogen atmosphere for 24 hours at 110°C. The hydrolysate was washed into a 50 ml volumetric flask and made up to the mark with distilled water. The amino acids were subjected to RP-HPLC analysis (Agilent 1100, USA) after precolumn derivatization with o-phthaldialdehyde (OPA). Each sample (1 µl) was injected into a Zorbax 80 A C18 column (i.d. 4.6X180 mm, Agilent Technologies, Palo Alto, CA, USA) at 40ºC with detection at 338 nm. The Amino acid composition was expressed as g per 100 g protein.
Protein nutritional parameters
The nutritional parameters of the Roselle seed protein isolate (RSPI) and its hydrolysates were calculated using their amino acid composition including:
(1) Proportion of essential amino acids (E) to the total amino acids (T) of the proteins. The predicted PER values of the Roselle protein isolates and its hydrolysates were estimated by three regression equations developed by [12] . 
Water holding capacity (WHC)
The Water Holding Capacity (WHC) of the Roselle protein isolates and its hydrolysates, was determined as described by Diniz and Martin [13] with some modifications. Triplicate samples (0.5 g) were placed in centrifuge tubes, dissolved with distilled water and vortexed for 30 sec. The mixture was allowed to stand at room temperature for 30 min and later centrifuged at 3000 rpm for 25 min. The supernatant was filtered using whatman Number 1 filter paper and the volume retrieved was accurately measured. The difference between initial volumes of distilled water added to the protein sample and the volume retrieved was determined. The results were reported as ml of water absorbed per gram of protein sample.
Oil holding capacity (OHC)
Oil holding capacity (OHC) was determined as described by the method of [14] . One gram of each sample (W 0 ) was weighed into pre-weighed 15ml centrifuge tubes and thoroughly mixed with 10ml (V 1 ) of soybean refined pure oil using Vortex mixer. Samples were allowed to stand for 30 min. The protein-oil mixture was centrifuged at 3000 rpm for 20 min. The supernatant was immediately poured into a 10 ml graduated cylinder, and the obtained volume reading was recorded (V 2 ). Oil holding capacity (ml of oil per g of protein) was calculated as:
Emulsifying capacity (EC)
Emulsifying capacity of the samples was measured as described by Turgeon et al. [15] with some modifications. One gram of each freeze-dried sample was transferred into a 250 ml beaker and dissolved in 50 ml of 0.5 N NaCl and then 50 ml of soybeans pure oil was added.
The homogenizer equipped with a motorized stirrer driven by a rheostat Ultra-T18 homogenizer (Shanghai, China) was immersed in the mixture and operated for 120 sec. at 10 000 rpm to make an emulsion. The mixture was transferred into centrifuge tubes, kept under a water-bath at 90°C for 10 min and then centrifuged at 3000 rpm for 20 min. Emulsifying capacity was calculated using the equation:
V A is the volume of oil added to form an emulsion V R is the volume of oil released after centrifugation W S is the weight of the sample.
Foaming capacity (FC)
Foaming capacity (FC) was determined using the method described by Makri et al. [16] with some modifications. Sample concentrates of 1% were prepared in de-ionized water and adjusted to pH 7.4 with 1.0 N NaOH and 1.0 N HCl. A volume of 100 ml (V 1 ) of the suspension was blended for 3 min using a high-speed blender, poured into a 250 ml graduated cylinder, and the volume of foam (V F ) was immediately recorded. Foaming capacity was calculated using the following equation:
FC (%) = (V F /V 1 ) x 100
Statistical Analysis
Results were expressed as the mean values ± standard deviation (S.D.) of three separate determinations. The data were averages of triplicate observations and were subjected to a one way analysis of variance (ANOVA), followed by Duncan's multiple range test. The data was subjected to correlation analysis, using SPSS software (version 16.0).
RESULTS AND DISCUSSION
Proximate Composition
The results are shown in Table 1 . The undefatted RSF contained 27.00% and 39.15% of protein and carbohydrates respectively, but were both elevated to 37.25% and 46.67% after defatting. The fat content was 21.83% for RSF and 2.04% for DRSF. Defatting is a purification step which when carried out, increases the concentrations of nutrients such as proteins, carbohydrates and other major components of food components.
Moreover, defatting probably limits or minimizes fat molecules interaction with proteins and carbohydrate groups within the material, which when present, could interfere with the extraction of such components. The results of our study were within the range reported for other samples studied [1] . Other researchers found that the carbohydrates were mainly composed of dietary fibers [2] .
Amino Acids Analysis
The biological activity of protein is more related to its amino acid make up. In order to appreciate the physicochemical properties of our samples, amino acid composition analysis was carried out.
The obtained amino acid test results were shown in 
Protein Nutritional Parameters
Protein is one of essential nutrients in the human diet. Both the amount and quality of protein provided by a food are important. The protein quality, also known as the nutritional or nutritive value, depends on the level at which essential amino acids are needed for overall body health maintenance and growth [19] . In this study, amino acid composition was used as a basis for estimating the nutritional quality of the Roselle seed protein and its hydrolysates.
Results of the ratio of essential to total amino acids (E/T), amino acid score (AAS) and protein efficiency ratio (PER) of the hydrolysates are shown in Table 3 . In all samples the ratio of essential to total amino acids was higher than 36% (the recommended value by FAO/WHO/UNU), and RSPI, when compared to its hydrolysates had the highest ratio of 42.91% % ( Table 3 ). In general PER below 1.5 implies a protein of low or poor quality, while PER between 1.5 and 2.0 indicates an intermediate protein quality and then PER above 2.0 indicates protein of high quality [19] . The predicted PER values of all the samples were in range of the high quality ( Table 3 ). The AAS results showed that all our samples had well balanced amino acid compositions and their ratio of amino acids were close to that of protein quality for adult recommended by the Food and Agricultural Organization / World Health Organization reference [17].
Water Holding Capacity
Water and oil interactions with proteins are essential in food systems as they have a great impact on food organoleptical attributes. Intrinsic factors affecting water holding capacities of food proteins include amino acid composition, protein conformation, and surface polarity/ hydrophobicity [20] . The ability of protein to absorb water and retain it against a gravitational force within a protein matrix is WHC. The WHC of the RSPI RSPH2 and RSPH3 were 2, 2.5 and 2.2 ml /g (Table 4 ) respectively. The result of WHC of the Roselle protein isolates and its hydrolysates observed in this study is in agreement with the previous reports 22] . Water holding capacity is an important factor for protein additives used in food systems. The water holding capacity of the samples can be used to define how those proteins can be added to formulated foods and how they can replace animal proteins traditionally used [21, 22] .
Oil Holding Capacity
The ability of protein and /or the hydrolysates to absorb oil is an important functionality that influences organoleptical properties in various food products. The OHC for the RSPI, RSPH2 and RSPH3 were 5.75, 5.47g and 5.32 ml/g, respectively ( Table 4 ). It is suggested that the high oil absorption capacity, may give an advantage to Roselle seed protein and its hydrolysates in the formulation of food systems like sausages, cake, mayonnaise and salad dressings. Wasswa et al. [23] also produced protein hydrolysates with high OHC.
Emulsifying Capacity
Food emulsions are thermodynamically unstable mixtures of immiscible liquids (water and oil). The formation and stability of emulsion is very important in food systems such as salad dressings. Interactions between proteins and lipids are common in many food systems, and thus the ability of proteins to form stable emulsions is important. Emulsions are formed due to the presence of hydrophobic and hydrophilic groups of proteins. The emulsion formation is mainly dependent on the diffusion of peptides at oil-water interfaces. Hydrolysates with high solubility and smaller molecular size should facilitate that diffusion and enhance the protein-lipid interaction [24] . As shown in Table 4 , the Roselle protein and its hydrolysates were good emulsifiers with EC of 82 mL/g , 105 mL/g et 97 mL/g for the RSPI, RSPH2 and RSPH3 respectively.
Roselle seed protein digested using pepsin followed by pancreatin were degraded into polypeptides and oligopeptides, thus increasing the protein solubility and resulting in increased EC and stable emulsion. Hydrolysis was effective in improving the EC of hydrolysates.
Related studies have demonstrated that enzymatic hydrolysis of tilapia [24] and grass carp skin [23] produced hydrolysates with higher emulsifying capacity.
Foaming Capacity
The formation of foam is analogous to the formation of emulsion. The capacity of proteins to form stable foams with gas by forming impervious protein films is an important property and it was likely due to the increased net charges on the protein, which weakened the hydrophobic interactions but increased the flexibility of the protein. 
